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Abstract
Background—Although maternal infection and inflammation during pregnancy can adversely
affect offspring birth weight (BW), whether low grade inflammation in the non-pregnant state
predicts BW is unknown.
Aim—Evaluate relationships between offspring BW and pro- and anti-inflammatory factors
measured in parous but non-pregnant women.
Subjects and methods—Data come from 234 parous Filipino females (21.5 ± 0.3 yr) in the
Cebu Longitudinal Health and Nutrition Survey, a population-based birth cohort in Metropolitan
Cebu, Philippines. Pro-inflammatory [Interleukin-6 (IL-6), Interleukin-1 beta (IL-1β), tumor
necrosis factor alpha (TNFα), C-reactive protein (CRP)] and anti-inflammatory [Interleukin-10
(IL-10)] factors were measured in fasting plasma when the women were not pregnant, and related
to recalled offspring BW.
Results—BW in female offspring was lower only among women with high IL-1β. Although pro-
inflammatory cytokines did not predict BW in male offspring, women with higher anti-
inflammatory IL-10 gave birth to larger males. Women with a combination of low inflammatory
(IL-6) and high anti-inflammatory (IL-10) factors (interaction p<0.104) gave birth to the largest
males.
Conclusion—Immune factors measured outside of pregnancy predict offspring BW in these
young women. Stable variation in inflammatory phenotype could impact the gestational
environment of offspring, thus pointing to potential intergenerational effects of chronic low-grade
inflammation.
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Characteristics of the gestational environment have been linked to a wide range of functional
and health-related outcomes in offspring, including cardiovascular disease (Barker et al.,
1993, Gluckman et al., 2008) (Leeson et al., 2001)), immune phenotype (McDade et al.,
2010, McDade et al., 2004), child development (Vohr et al., 2000, Hack et al., 2005), and
educational and occupational performance in adulthood (Richards et al., 2001, Strauss,
2000, Black et al., 2007). These findings point to the lingering effects of maternal
characteristics on offspring developmental biology (Kuzawa and Sweet, 2009), and are
widely probed in humans by documenting relationships between birth weight (BW) and
offspring biological and health outcomes (Valdez et al., 1994, Hack et al., 1995, Curhan et
al., 1996, Rich-Edwards et al., 1999).
Despite increasing evidence for long-term health impacts of the gestational environment, the
biological pathways linking maternal physiology to offspring BW remain poorly understood.
Although much work has focused on the role of nutrition and psychosocial stress as
influences on birth outcomes (Rini et al., 1999, Fowles, 2004), there is growing evidence
that maternal immunity may also be important (Romero et al., 2007). Much of this work has
focused on the influence of acute immune activation during pregnancy, which has
highlighted several important pathways. First, an excess of pro-inflammatory cytokines
during pregnancy can cause vascular damage, compromising placental blood supply and
potentially leading to fetal growth restriction (Teran et al., 2001, Greer, 1994, Vince et al.,
1995, Stallmach, 1995). The anti-inflammatory cytokine IL-10 generally inhibits the
synthesis of pro-inflammatory cytokines (Robertson et al., 2007), and in theory might
protect the fetus from these deleterious effects. The second and perhaps better studied
pathway involves the role of immunity as a mediator of timing of gestation. Active
infection, particularly of the reproductive tract, can influence birth outcomes by intensifying
the inflammatory cytokine cascade and leading to preterm delivery (Challis et al., 2009).
Although these acute effects of inflammation during pregnancy on offspring birth outcomes
have been widely documented, there is growing evidence and interest in the health impacts
of chronic, non-stimulated inflammatory activity in a wide range of health conditions. An
extensive literature now indicates that basal variation in pro-inflammatory factors, such as
C-reactive protein or IL-6, predict risk for cardiovascular disease (Ridker, 1998), type II
diabetes mellitus (Pradhan, 2001), and metabolic syndrome (Ridker et al., 2003). This is
thought to reflect the crucial role of inflammatory processes in the pathogenesis of these
conditions and underscores a growing awareness of the broad health implications of more
subtle variation in non-stimulated immune phenotypes.
Whether basal inflammatory regulation might also impact normal variation in birth
outcomes has not been investigated. The potential impact of immune regulation under non-
stimulated conditions to birth outcomes is underscored by the crucial role that changes in
maternal immunity play in preventing rejection of the fetus during pregnancy. Central to this
process are changes in cytokine production, with a characteristic shift from a T-Helper 1
(Th1) cell dominated profile (marked by the production of cytokines such as IL-1, IL-2,
IL-6, and IFN-gamma) toward T-Helper 2 (Th2) cell activity (elevated secretion of IL-4,
IL-5, and IL-10) (Challis et al., 2009). The predominance of Th2 cytokines during
pregnancy is thought to protect the fetus, with experimental work in animal models showing
that an increase in Th1 cytokines can have negative effects on the placenta and the fetus
(Hahn-Zoric, 2002). Immunological diseases characterized by dysregulation of cytokine
production, such as asthma, celiac disease, and systemic lupus (Leung et al., 1995, Forsberg,
2002, Wong et al., 2000) are associated with higher rates of adverse pregnancy outcomes
such as spontaneous abortion, intra-uterine growth restriction, and preterm delivery (Clifton
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and Murphy, 2004, Ludvigsson et al., 2005, Yasmeen, 2001). In light of the key role played
by the maternal-fetal immune interface in the maintenance of pregnancy, Goldenberg and
Culhane (Goldenberg and Culhane, 2005) hypothesized that women with higher
inflammatory status prior to pregnancy would have an attenuated anti-inflammatory
response and an increased pro-inflammatory response during pregnancy, which could lead to
compromised birth outcomes (Goldenberg and Culhane, 2005). This hypothesis, if correct,
suggests that intergenerational impacts on offspring birth outcomes might be added to the
growing list of health issues predicted by chronic low grade inflammation.
Here we evaluate relationships between pro- and anti-inflammatory cytokines measured in
currently non-pregnant women and BW of their offspring. Data and samples come from a
healthy population-based birth cohort study in Metropolitan Cebu, Philippines (Adair et al.,
2011). In 2005, we collected anthropometric, dietary, and questionnaire data, and also
obtained fasting plasma samples for cytokine analysis. During adult surveys (in 2005, 2007
and 2009), we also obtained retrospective (recalled) reproductive histories for all parous
women in the sample, including information on birth outcomes, duration of gestation and
other pertinent information for each pregnancy. Our prior analyses in this sample have
identified long-term impacts of early life infectious exposure as predictors of adult
inflammatory phenotype (McDade et al., 2010, McDade et al., 2004). Here we extend these
analyses to evaluate possible intergenerational effects of maternal inflammatory phenotypes.
We hypothesized that inflammatory status in the non-pregnant state, reflecting basal
immune regulation, would predict offspring birth outcomes. Specifically, we hypothesized
that key pro-inflammatory regulators (IL-1β, IL-6, TNFα and CRP) would relate inversely
to offspring BW, while anti-inflammatory regulators (IL-10) would relate positively to
offspring BW in these women. Because our recent analyses identify stronger relationships
between maternal stress hormones and male offspring BW in these women (Thayer et al.),
we also evaluated whether relationships between maternal cytokines and offspring BW
varied by sex of newborn.
METHODS
Study population
Data come from the Cebu Longitudinal Health and Nutrition Survey (CLHNS), a
community-based birth cohort study of mothers and their infants born in 1983-84 (Adair et
al., 2011). The women included in the present analyses were the now-adult offspring of the
mothers originally enrolled, who were a mean of 21.5 +/− 0.3 years of age at the time of
biological sample collection in 2005. Socioeconomic, demographic, health and general
behavioral data were collected using questionnaire-based, in-home interviews administered
by Cebuano-speaking interviewers (Adair, 1993, Kuzawa and Adair, 2003). Weight (kg) and
height (cm) were measured using standard anthropometric techniques (Lohman et al., 1988).
This research was conducted under conditions of written informed consent with human
subjects oversight and approval from the Institutional Review Boards of the University of
North Carolina, Chapel Hill and Northwestern University.
Birth outcomes
Offspring BW was obtained through recall in 2005, 2007, and 2009. Each mother was asked
to recall, among other factors, the status of each of her prior pregnancies (twin, singleton,
liveborn, stillbirth), birth date, whether the baby’s weight was weighed and if so the BW,
gestational age at parturition, and sex of each of her offspring. In addition to birth outcome
characteristics, we obtained information on characteristics of each pregnancy, including
whether the woman worked while pregnant and whether she obtained prenatal care.
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The final analysis sample included the 419 singleton offspring born to the 234 women who
were parous by 2009 (the date of the most recent reproductive history) and who had all
variables available but who were not pregnant during the 2005 blood draw from which
cytokines and CRP were analyzed. Each participant was asked about her current pregnancy
status during blood draw in 2005. In addition, because a subset of women who were early in
their pregnancies may not have been aware that they were pregnant, we also used birth dates
and gestational duration for all pregnancies obtained in 2007 and 2009 reproductive
histories, as available, to retrospectively identify women who were likely pregnant in 2005.
Measurement of CRP and cytokines
Venipuncture blood samples were collected using EDTA-coated vacutainer tubes in the
participants’ homes in the morning after the overnight fast (~12 hours). Blood samples were
kept in coolers on ice packs for no more than 2 h and were then centrifuged to separate
plasma prior to freezing at −70°C. Samples were express-shipped in a single batch to
Northwestern University on dry ice and stored frozen at −80°C until analysis. CRP
concentrations were determined using a high sensitivity immunoturbidimetric method
(Synchron LX20, lower detection limit: 0.1 mg/L). Because we were specifically interested
in whether inflammatory markers measured in the non-infectious state predicted offspring
BW, we excluded women who had CRP >= 10 mg/L (Pearson et al., 2003).
Concentrations of IL-1β, IL-6, IL-10, and TNFα were determined in the Laboratory for
Human Biology Research at Northwestern University using a high sensitivity multiplex
immunoassay (7-plex) protocol (HSCYTO-60SK, Millipore, Billerica, MA) on the Luminex
platform (Luminex Corporation, Austin, TX)(see (McDade et al.) for details). Briefly,
samples were incubated with sets of polystyrene microspheres covalently coupled with
cytokine-specific capture antibodies, and then incubated with detection antibody labeled
with a fluorescent reporter molecule. Concentration of bound analyte was determined by
running the samples through a modified flow cytometer. The lower detection limit for the
multiplex cytokine assay was 0.08 pg/ml and samples with undetectable concentrations were
assigned a value of 0.0001 pg/mL. Percent coefficient of variation (%CV; SD/mean) were as
follows (low sample, high sample): IL-6 (14.7, 12.4); IL-10 (15.4, 11.6); IL-1β (15.1, 17.7);
TNFα (13.7, 10.1). These levels of analytic variation are comparable to, or lower than,
previously reported applications of this method to multiplexed cytokine analysis (Prabhakar
et al., 2002).
Statistical analysis
All analyses were conducted with Stata version 10.1. Descriptive statistics were calculated
separately for mothers and offspring. Multiple regression was used to determine the
relationship between each maternal cytokine and offspring BW adjusting for mother’s age at
birth, her height and body mass index at time of blood draw, prenatal care, first born status
mother’s education and schooling, household assets, and oral contraceptive use and
infectious disease symptoms at the time of cytokine measurement. Because changes in
gestational timing may be an important pathway by which inflammation influences birth
outcomes, we did not adjust for gestational age at birth in these models. Mean BW stratified
on tertiles of each cytokine, adjusting for all variables in the model, were used to generate
bar charts. Because most cytokines have highly non-normal distributions, with a fraction of
the sample below the detection limit of the assay, we analyzed BW in relation to tertiles of
each cytokine (ranges listed in Table I). In Stata, the regress command was used with the
cluster option to account for non-independence of BW among multiparous women.
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Descriptive characteristics of participants at the time of cytokine measurement and of their
individual births are reported in Table II. When cytokines were measured, women were an
average of 21.5 years of age, and they ranged in age from 15.6 to 25.9 years during
individual pregnancies, with roughly half of the births representing first born offspring.
Table III reports regression models predicting offspring BW stratified on sex of offspring
and adjusted for mother’s age at birth, prenatal care, recalled gestational age, and first born
status. Figures 1 and 2 plot average BW for male and female offspring predicted by these
models. In males, offspring BW was unrelated to any pro-inflammatory cytokine. However,
women with high levels of anti-inflammatory IL-10 gave birth to larger males than women
with lower IL-10. In female offspring, there was a weak negative gradient of BW across
levels of IL1-β, IL-6 and CRP, although this only reached statistical significance for
offspring born to women with high IL-1β.
Previously, we have shown that concentrations of IL-6 and IL-10 in the Philippines are
positively correlated (McDade et al.), and IL-10 may represent an important anti-
inflammatory signal that prevents pro-inflammatory signals from getting out of control. We
therefore next tested whether women with an anti-inflammatory phenotype, defined as being
in the highest tertile for IL-10 and lowest tertile of IL-6, gave birth to larger babies (Table
IV). Women with an anti-inflammatory phenotype tended to give birth to larger male
offspring, although this interaction was not significant (p<0.104) (Figure 3). Among
females, there was no evidence for an interaction between pro- and anti-inflammatory
mediators.
DISCUSSION
We hypothesized that women with higher baseline inflammation outside of pregnancy
would give birth to smaller babies. We found modest evidence in support of this hypothesis.
In this Filipino population, women who had higher levels of the pro-inflammatory cytokine
IL-1β tended to give birth to smaller female offspring, while those with higher levels of the
anti-inflammatory cytokine IL-10 gave birth to larger male offspring. Among males, the
positive relationship between an anti-inflammatory signal (IL-10) and BW was strongest and
only significant when levels of the pro-inflammatory cytokine IL-6 were also low. These
findings suggest that individual variation in the regulation ofinflammation among young
women, measured outside of their pregnancies, helps explain variation in the birth size of
their offspring. By extension, these findings suggest that the gestational environment of the
next generation may be among the health outcomes affected by individual variation in
inflammatory phenotypes.
In this sample, inflammatory mediators predicted distinct relationships with male and female
offspring BW. Differential effects of inflammation and inflammatory conditions on male
and female fetal growth have been reported previously. For instance, Murphy and colleagues
(Murphy et al., 2003) found that asthmatic women who did not use inhaled steroids during
pregnancy had offspring with significantly reduced BW, but only for females (Murphy et al.,
2003). A female fetus appears to up-regulate maternal inflammatory pathways associated
with asthma that impair placental function, while the male fetus does not (Clifton and
Murphy, 2004). These sex-specific fetal effects of maternal asthma, and evidence for
involvement of cytokines like IL-1β in the pathogenesis of asthma (Karjalainen et al., 2002,
Borish et al., 1992), suggest that our finding of sex-specific relationships between
inflammatory cytokines and offspring BW warrant additional attention.
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Recent work has highlighted the importance of chronic low grade inflammation as a
predictor of many chronic degenerative diseases (Ridker et al., 2000a, Ridker et al., 2000b,
Sesso et al., 2007, Pradhan, 2001). Our findings suggest that compromised birth outcomes
may be added to the list of adverse health outcomes related to chronic inflammation.
Importantly, evidence that a woman’s basal inflammatory profile predicts offspring BW
suggests that low grade inflammation could have intergenerational health impacts. There is
now extensive evidence that a stressful prenatal environment elevates future risk for a range
of risk factors for adult chronic disease, and also predicts mortality (Barker et al., 1993). As
an extension of this model, recent work in this and other populations suggests that
compromised birth outcomes predict changes in adult immune regulation and a pro-
inflammatory phenotype (McDade et al., 2001, McDade et al., 2004). To the extent that a
pro-inflammatory phenotype is both a cause and consequence of compromised gestational
environments and poor birth outcomes, it could serve as an additional pathway for the
intergenerational transmission of health disparities (Drake and Walker, 2004, Kuzawa and
Sweet, 2009). This finding underscores the need for additional work aimed at clarifying the
links between maternal inflammatory regulation and offspring gestational environment and
fetal growth rate.
Several limitations of this study warrant mention. Cytokines and CRP were measured from a
single blood sample. It would be preferable to use multiple measurements to define each
woman’s stable inflammatory phenotype and then evaluate changes in inflammatory
regulation as each woman becomes pregnant. Evidence that pre-pregnancy cytokine
concentrations predict elevations in inflammation during pregnancy would significantly
strengthen the argument that basal inflammation measured pre-pregnancy influences the
intra-uterine environment. In addition, offspring birth information was obtained by maternal
recall, which likely reduces measurement reliability and attenuates the power of our analyses
to detect significant relationships.
CONCLUSION
In sum, we find evidence that a woman’s inflammatory cytokine profile measured in early
adulthood, and in the non-pregnant state, predicts the birth size of her offspring. Female
offspring tend to be smaller when born to mothers with higher pro-inflammatory cytokines,
with no additional relationship with the anti-inflammatory cytokine considered here. In
contrast, male offspring tend to be larger in relation to higher levels of the anti-inflammatory
cytokine IL-10. These findings suggest that compromised offspring birth outcomes are an
additional adverse health outcome that should be investigated in relation to chronic low-
grade inflammation.
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Mean male offspring birth weight stratified on tertile of each maternal cytokine. Adjusted
for mother’s age at birth, stature and body mass index, prenatal care, first born status,
mother’s education and schooling, household assets, and oral contraceptive use and
infectious disease symptoms at the time of cytokine measurement. (*tertile 3 vs. tertile 1 for
IL-10 p<0.032)
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Mean female offspring birth weight stratified on tertile of each maternal cytokine. Adjusted
for mother’s age at birth, stature and body mass index, prenatal care, first born status,
mother’s education and schooling, household assets, and oral contraceptive use and
infectious disease symptoms at the time of cytokine measurement (*tertile 3 vs. tertile 1 for
IL-1β p<0.039)
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Adjusted offspring birth weight predicted by combinations of Low IL-6 (lowest tertile) and
high anti-inflammatory IL-10 (highest tertile). Male interaction p-value<0.104.
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Table I
Mean (range) of each cytokine stratified by tertile
Tertile 1 Tertile 2 Tertile 3
il-1b 0.06 (0, 0.178) 0.32 (0.184, 0.470) 2.53 (0.477, 85.0)
n 79 86 69
il-6 0.13 (0, 0.50) 1.03 (0.51, 1.96) 10.91 (2.01, 96.17)
n 92 75 67
TNFa 1.91 (0.19, 3.00) 3.82 (3.06, 4.65) 7.67 (4.67, 62.2)
n 76 77 81
CRP 0 (0, 0) 0.29 (0.1, 0.6) 2.50 (0.7, 9.9)
n 77 81 76
il-10 1.46 (0, 4.22) 7.67 (4.45, 10.56) 39.1 (10.60, 582.49)
n 85 82 67
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Table II
Descriptive characteristics of study participants and of individual births
1
Women at blood draw
(n=234) Mean/median SD/IQR
 Age (years) 21.5 0.3
 Height (cm) 150.9 5.3
 BMI (kg/m2) 20.6 3.0
 IL-1β 0.30 (0.12, 0.57)
 IL-6 0.81 (0.13, 2.23)
 TNFα 3.92 (2.47, 5.47)
 CRP 0.2 (0, 1.0)
 IL-10 7.0 (2.2, 11.4)
Individual births (n=419)
 Birth weight (g) 3050 573
 Mother’s age at birth
(years) 21.8 2.5
 Male offspring 52.7%
 First born 55.8%
 Prenatal care 99.3%
1
all means (SD) other than cytokines and CRP, which are median (interquartile range)
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Table IV
Regression model testing interaction between low IL-6 and high IL-10 as predictors of offspring birth weight,







 Low IL-6 49.0 (92.3) 0.596 -18.1 (102.9) 0.861
 High IL-10 181.4 (101.1) 0.075 88.3 (121.9) 0.470
 IL-6 X IL-10 - 330.9 (202.2) 0.104
  model R2 0.119 0.130
Females (n=198)
 Low IL-6 133.1 (82.1) 0.107 93.5 (101.0) 0.356
 High IL-10 −20.5 (84.4) 0.808 −62.3 (101.7) 0.541
 IL-6 X IL-10 - 171.4 (169.4) 0.313
  model R2 0.157 0.161
1
All models adjust for mother’s age at birth, stature and body mass index, prenatal care, first born status, mother’s education and schooling,
household assets, and oral contraceptive use and infectious disease symptoms at the time of cytokine measurement.
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